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this being, prior or subsequent to the 
hybridization reaction, modified by an 
enzyme, which may be applied to 
seeking of particular genes or DNA 
fragments in the midst of a biological 
sample 

An enzyme coupled, either directly 
or via a bridging agent, to ribonucleic 
acid {RNA) ordesoxyribonucleicacid 
(DNA). 

An enzyme bonded to a compound, 
which product is capable of bonding 
with RNA or DNA. 
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(54i Method off detecting and 
characterizing a nucleic acid or a 
sequence of the la net. and 
enzymatic re acta nt for the 

application of this method 



(57) A method for detecting the 
possible presence of a DNA fragment, 
notably of a gene, in the midst of a 
complex sample of nucleic acids 
comprises the hybridization of the 
sought fragment with a RNA probe. 
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SPECIFICATION 

specmen. denved notably (room a human or animal host of PBn ^n^rf^nT ? b *°^ > ' C " 

medium and a. . high temperature or in a b£?rrWLm * CUba "° n * ™ C S " enfl,h 

gj- .od. , .ddi«*n. do no, a.ways enaSe^^ 

conulnliL^^^ Ofthe genes under study in the DMA 

40 irM^^ '"c«on. enriched in pre'determfn * -gmen«, 

" 3sSS5=ai=Sss 

microscope of this DNA dii to overall «ructur. alao vUbta in the ^^tronTT 

65 ao.^Xrr^ 

to' -Mmpl. with the object tf,«I\>^" J£f derived from . ho man or animal how. 

POMibly be afflicted, or Xm^T^J^f °' *• which ch. howrriv 

The invention .rlJSm Si^^^'^ -1 ** <<* * W.ho^T 

<o technique, of detection, e Jen £ J^r^ ^r^^JL^ 1 ""^ eonv«c*» l.ed. 
60 expensive equipment, by p.r.on, 7^™ZT^^* « ^ *" *• *>~™ of 
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to I 

expensive equipment bv ^n^"""™"™ 0 "- ^'W* of being app 

The metrCo? deic^^H °° ^ ' rtl,a libOr8,0r V «P«"^cV 

character,^ of a J^"Z^^^ n «}* »—*•• - - the 

whole n UC .e.c acid in a comply J^ 0 T„.?™ ° nuda,c ' od - notab, V <* • B*ne. even of 
P«oroenaturationofthenocWc 



60 



ucie.c acid in a compte* Mm p»e of nuri"^- 'Z ~' -""iwi gene, even of the 

ac^LT,T * COn, ' cbn « ,he "™P* << ^cmu^ after 

^ ~* h a P«*« compn.ng . con^emenfy nucle.c 



SS.«S!z b .d!n ^X**"""** Wi,h <he n0C ' eic Kid s * quence °' ,he ""c.eic acid sough, i, 

enzyme substrate. ** Pt0be and °' ,he Sequence * of n *»4c add sought, on an 
Advantageously, the enzyme is selected according to its capacity to act on a * m „ ^ 

flrcjc7peb^ -nventbn. the probe i, mod** by a ch.mlca. 

45 ^".L^ 

ion. (mercury f«„^ ^ modified, by a known method, by metric 

. >PPfcd W «rwn^,^tm2e? 0 r.r ' ,m H ,,,ng ' °' •«* ri ™«* dure which n^y b. 

r^^r^toT.Hl^SJSS^ ST. "^T^ * • convandona, technique, 

by 0. 1 to 0.3 N aoda the s^ud™ *L7£f *" #MmpU Com * jri " d b «t**«>n 1 1 00„g. I, denatured 

To the solSon oSiSw ^L^l^"* n,u,raU " d brought back to pH 7. 
then added m th. propc^^crf XuT^J^^'^ »** ,r *» mam 0f » *• ™ A -ouflh, i. 
jo be used l, a funcSToft. prc^^^ ' # ht n°2/' B °' *™ ,ur * A <*• «"«.nt of aoda 
then completed with .alts for coTT™ S-^ fl J*' *» dm,n t0 * analyiad). The solution i, 
Prmne. of 50% form.rr ^7.0^7^.,^^!^ ,7 ' h ' 8h l0n,C to «* " 0 3 M N.CI. in «h. 
hybr-dization can then be carried ounn oS^lV^l ""^"ration, preferably in small volume. The 

•»» Po.*b,e to us. the technic^ ZZS^u"!!" V° 40 houn <* >ne '"" °™« n « " 

n»oy oeecribed by Manning. As an alternative, any other 
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Hybridization technique can also be resorted to, for example, that described by KOHNE et at in 
Biochemistry" 11977) [16. 5329 -534 1). at ordinary temperature in a phenol emulsion. 

Avidin coupled to an enzyme such as ;i-galactos»dase is then added to the medium under 
conditions permitting the coupling of the btotin of the probe with the free groups of the avidin of the 
b coupling compound of the avidin and the enzyme. 5 
T he non-hybridized reagent is then separated from the hybridized reagent by conventional 
techniques, such as precipitation with polyethylene glycol, passage over gel. for example that of the 
type named SEPHAROSE. ultracentrifugation. etc. 

As an alternative it is ako possible to carry out the separation of the non-hybridized probe before 
10 the coupling of the avidin bearing the enzyme with the biotin groups coupled to the hybridized probe 10 
with the DNA. 

The enzyme possibly fixed and consequently the possible effective hybridization of the probe with 
the DNA studied may be visualized or detected by placing in contact with the medium a substrate of the 
enzyme, notably that constituted by orthonitrophenol galactoside (ONPGJ. 
1 5 " is self-evident that the experimental conditions once well-fixed, it is possible to determine a 1 6 

measurable activity threshold, for example, by a cotorimetric or fluorographic technique, beyond which it 
is possible to conclude in the presence in the treated sample of DNA or of the DNA fragments sought 

The following description of a test carried out in the laboratory has simply the purpose of 
illustrating the manner in which the process according to the invention may be put into practice, it being 
20 obviously understood that the modifications at the level of techniques, according to the nature of the 20 
biogical specimen studied and of that of the DNA ot of the DNA fragment sought, are within the evident 
scope of the technician skilled in the art. 

Experiments were carried out on the model consisting of detecting the presence of a mouse ONA 
by hybridization of this DNA with a mouse ribosomic RNA used as a probe. 
25 Mouse DNA (100 //g per 100 /il of aqueous solution) is denatured by addition of soda (10/il of 1 25 

M NaOH). 10 minutes later, the solution was brought back to pH neutral by the addition of 1 0/jl of 1.5 
M acid sodium phosphate NaH 2 P0 4 . 

1 itg of ribosomic W A labeled with biotin by means of cytochrome C. prepared by the technique 
of Manning & Coll., is ddded to the denatured DNA solution. The volume was adjusted to 1 60/d with 
30 water, 40 u\ of a solution having a concentration of mineral salts equal to twenty times that of the 30 
solution called SSC (abbreviation of the English expression standard saline citrate") and 200 jil of 
redistilled or deionized formamioe was then added to the medium. It is recalled that the SSC solution is 
an aqueous solution of 0.1 5 M sodium chloride. 0.01 5 M sodium citrate, at pH 7.0. 

The mixture was incubated until the next day at ordinary temperature, then dialyzed at 4°C 
35 against a solution having a double concentration of the SSC solution, then for 8 hours against 500 ml of 35 
a phosphate buffer at pH 7.0 containing phosphate at a concentration of 0. 1 M. sodium chloride at a 
concentration of 1 Mand ethylene diamine-tetrasodium acetate (EDTA) at a concentration of 0.01 M. 
The latter dialysis is then repeated twice, each TTme for 8 hours. 

The solution thus-obtained was treated with pancreatic ribonuclease for 1 hour at ordinary 

hr^^ 6 ;- t0 8 fi0 !! c ^ onoenuation of '0 ng per ml of ribonuclease. this treatment permitting 40 

the degradation of the non- hybridized RNA. w 

To the medium obtained was then added a solut.on of cytochrome C ( 1 mg per ml) and 1 

- .microliter of a solution containing 1 mg per ml of avidin and 2 mg per ml of /J-galactosidese of which 1 

i " S6Ven " C ° U * ed 8Vidin U iS mixed 3nd solution i. men 25 

> siano at 4 c for 4 hours. The medium was then diluted to 1 0 ml with the phosphate dialyeis buffer end 45 

ROTE'S, 4 1 "rZ*l* t^l 1 ! "'tracentrifugation tor 1 hour at 35.000 rpm (in . BECK MAN 
ROTOR SW 4 1 centrifuge). The ONA and the hybridized RNA are to be found in the centrifuoetion culot 
H!h W 2 !V£! V ,! din '^actosidase <° this RNA. The supernatant liquor conuTns S n^T- 

hybnd.zed RNA degraded by the ribonuclease and the unbound avidin /^galactotidaee 

un J^nl 1"!!: CX ^ 1 0m ' °' J< is ''centrifuge* and the culot i, t*.n 60 




p-, '"vumwhuu vi 10 iiwuiuiti 010/ uiw minute* or more 

above e^S £ r r,T. P « e ? und *l condl i tio "» « ri ctfy identical with thou which have been described 55 

S? «k W ~ flmt MM * - ini,,al additio ° °' rfbowmic *** No. 2) was omitted and in 
the other caae the addition of moue. ONA (tube No. 3) was omitted. 

The results of the three assays carried out ere shown in the table below: 
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Result of the assay (optical 
density at 420 after 30 
minutes at 37 # C) 
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such as those named Herpes. Epstein Barr vi u Tot c^nT™ ? St °°' S C,C ' 01 v8rious vi ™"». 
may be applied to the diagnosis, for exempt o^icif^h^ the S8me wa *' the 

It ,s also applicable to the realisation rf hl , m ' SOm ' C anomalies, 
individuals are bearer, of pathogTn Z to Z dia 9"°*« in particular in the case where 

't wiM appear naturally .oTe £S3K ^ n °°- expfessed «>' 'atent). 

possible ro conclude rap,dl y as ,o *Zl £y ^S!'^^'''^ " '"^^ ° NA *« '« * 
regard to the nucleic acid or the fragment of nuclei « l lL m * u b,0l °° iCal s " eci ^ and ^ving 
the chromogenic substrate, or a, lea'st an over shoo\ * iTJ^ k * °' ifX,uc,ion oba.rva on 

exper^y. or by comparison wittl con^L^'of Ihe^r ^ ,h ' eSh0,d »<°<*»<™«> 
beyond the a^nt^e" h r ^ -he chromogenic substrate. no«ab.y 

exampfe. tran.tote the presence of an anomaly ofrheS envisa 9^ above by way of 

observed total or partial hybridization between in L a ' V SOOflht - in ,ne absen « of 

It is advantageously possible to rZ.-? P ° e and ,he DNA SUjdi «d- 
; W containing a 0 ., of ^ .^«^ - analysis laboratories 

«nvent,on. These kits can. in particular contain ?.. app,,cat,on <* th « P'°<=e« according to the 
30 DMA of the virus or bacteria .of c^^S^^J^^ corresponding. Sample, to the 
bating ,o particular genes which shou.d normaNy be conS? TT. W °' e ™ °'P«*." 

specmens. under test. normally oe contamed m biolog.cal specimens, notably blood 

In this regard, the invention relates hence to a •kit nh.„ . ■ „ • 

- at least one specific probe formed from rwa charact8 "»d that it comprises: 

for example /hjalactoaWa... couple to avidin 8 9 ° con,,,tu, «d by the eruyme Itaalf. 

46 an •^StS^ indu « ri - * the coupling product of 

of .probe (RNA or s,ng te o^'I" -Mbitr «-- chronic) and 

«o the coupling product of the m^^,*^"*™"* a , COUP " n « a9ent " "'ata.Tso again 

50 may be mentioned the coupling product, of . D^bl Z £7S M ° f *"* novel Atrial product. 
gslactosKJase. or again coupling vSS. of a 53n „ J^. 0 ?"* 1 wl,h an 8n *v™- »«* •«/' 

Of course, the invention Sa?o?Si2d I Sti.r?-2°"^ Wi,h WCh eo *™ 
c.na, n DNA fragment. In ^l-k^^eiSSilS' °' ' Pplic « ,io "- «»»«ttv for the labeling of 
Mn "^ P-*cu..r. the «n mi r?™^'^ '° • >t - bli *" »• 0-notype of ft. 

•V oa appaad to th, determination of the incorporation or 
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not of a particular DNA fragment in experiments of genetic sorting comprising for example operations of 
transforming DNA from an infected cell with a foreign DMA containing the DNA fragment concerned or 
on the contrary operations of transduction including the incorporation of a ONA fragment concerned, 
normally contained in the DNA of the cell, in the ONA of the virus used for the infection of the cell. etc.. 
5 to the extent that, of course, a probe constituted by the RNA fragment or ONA complementary to the 
sought nucleic acid fragment is available. 

As is self-evident and as emerges already besides from the foregoing, the invention is in no way 
limited to those of its modes of application and embodiments which have been more especially 
envisaged, it encompasses on the contrary aU modifications, notably those where recourse is had to 

10 modifications of the probe which may enable the enzymatic assay of the hybrid and modifications 

relating to the formation and/or purification of the hybrids, to the labeling or the chemical modification 
of the ONA studied itself, under conditions which have been described above, the RNA probe not being 
the subject of any particular labeling, such an inversion of the reactants may be envisaged, for example 
in the case of a ONA including numerous examples of repetitive genes, that it is desired to isolate from 

1 5 the whole DNA. in the form of a hybrid with a probe, after fragmentation of the DNA concerned by 
conventional techniques. It is self-evident that these equivalents are included within the field of 
protection defined by the claims. 

By way of yet another modification, it is possible to have recourse to a process consisting of 
marking the hybrid formed by the desired DNA and the probe, by means of an an ti -hybrid antibody. 

20 coupled to an enzyme such as , J-galactosidase. 

CLAIMS 

1 Method of detecting the possible presence or of characterizing a seauence or particular 
fragment of nucleic acid, notably of a gene, even of the whole nucleic acid in the midst of a complex 
sample of nucleic acids, by contacting the sample, if necessary, after prior denaturation of the nudeic 

25 acid under study, with a probe comprising a complementary nucelic acid, capable of being hybridized 
with the nucleic acid sequence or the nucleic acid sought, characterized in that the probe used is a 
probe modified chemically by coupling with or for coupling with an enzyme, prior or subsequent to the 
hybridization reaction, the possible presence of the nucleic acid sequence or of ih« nucleic acid sought 
being revealable by the action of the hybridization thus -con verted product of the probe and of the 

30 sequence of or of the nucleic acid sought on an enzyme substrate. 

2. Process according to Claim 1 , characterized in that the enzyme is selected according to its 
capacity to act on a chromogene substrate, and in that there is assayed, by optical analysis or the like, 
the transformation ratio of the substrate, which ratio is then correctable with the presence or not of the 
nucleic acid sequence or of the nucleic acid sought in the initial specimen. 

3. Process according to Claim 1 or Claim 2, characterized in that the probe is modified by a 
chemical group capable of forming a stable complex with the enzyme or a molecule itself bound stably 
with the enzyme. 

4. Process according to Claim 3, characterized in that the above said chemical group and the 
abovesaid molecule are respectively constituted by biotin and avidin or vice versa. 

5. Process according to Claim 4, charactewzed in that the enzyme is constituted by /l- 
galactosidase. 

6. Process according to any one of Claims 2 to 5, characterized in that the hybridization is first 
carried out, then the coupling reaction between the chemically modified and hybridized probe, on the 
one hand, and the enzyme, on the other hand, and in that there then follows the separation or the 
degradation of the possible excess of non -hybridized probe. 

7. Process according to any one of Claims 2 to 5, characterized in that the hybridization it first 
carried out and in that the coupling reaction is then carried out between the chemically modified end 
hybridized probe, on the one hand, and the enzyme on the other hand, after separation or degradation of 
the possible excess of non-hybridized probe. 

8. A "kit", characterized in that it comprises: 

— at least one specific probe formed from RNA or a single DNA strand, characteristic of a desired 
nucleic acid sequence or nucleic acid, this probe being modified chemically for its coupling with an 
enzyme, 

— said enzyme, possibly modified so at to be able to be coupted with said probe. 

— a substrate, notably a chfomo^en, specific to the enzyme, 

— the reactants necessary for the lysis of the cellular medium to be studied, notably a Wood 
medium, and for the extraction of the nucleic acidi from the cells of this medium. 

9. Kit according to Claim 8, checscterized in that It comprises: 

— at least one RNA probe to which biotin is bound. 

— the coupling product of avidin end an enzyme, such at /i-galactosidase 

1 0 The coupling product of en eruyme. notably developable by its action with respect to a 
chromrgen substrate, and a probe {RNA or ONA), either directly, or through a coupling aoent 

11 Coupling product of an enzyme, notably whose action may be developed with respect to a 
chromogemc substrate, and at least one chemical molecule, the whole then being cxDuplabTTwith an 
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RNA or ONA probe, if necessary, modified for this purpose 
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